Objectives To enhance the understanding of the current increase in life expectancy and decreasing gender gap in life expectancy. Methods We obtained data on underlying cause of death from the National Board of Health and Welfare in Sweden for 1997 and 2014 and used Arriaga's method to decompose life expectancy by age group and 24 causes of death. Results Decreased mortality from ischemic heart disease had the largest impact on the increased life expectancy of both men and women and on the decreased gender gap in life expectancy. Increased mortality from Alzheimer's disease negatively influenced overall life expectancy, but because of higher female mortality, it also served to decrease the gender gap in life expectancy. The impact of other causes of death, particularly smoking-related causes, decreased in men but increased in women, also reducing the gap in life expectancy. Conclusions This study shows that a focus on overall changes in life expectancies may hide important differences in ageand cause-specific mortality. It also emphasizes the importance of addressing modifiable lifestyle factors to reduce avoidable mortality.
Introduction
The gender gap in life expectancy is a well-known and well-explored pattern. Women in Sweden have had, on average, a 3-year higher life expectancy at birth than men since the 1750s (HMD 2015) . The female mortality advantages have, however, gone through different phases (Thorslund et al. 2013 ). There was a sharp rise in the gender gap during the 1950s, when mortality started to decline at a faster rate among Swedish women than among Swedish men. The gender gap was at its greatest in 1978, since then the gender gap in life expectancy has been continuously declining (HMD 2015) . The reasons for this gender difference are thought to have both biological and non-biological origins. Biological differences in genetic structure and hormones are suggested to favor female life expectancy (Luy and Wegner-Siegmundt 2015; Oksuzyan et al. 2008) . However, several studies have attributed the bulk ([ 75%) of the gender gap in life expectancy to nonbiological factors (e.g., behavior, life style, social roles) (Luy and Wegner-Siegmundt 2015; Oksuzyan et al. 2008) , with higher mortality risk among men due to smoking, hazardous alcohol consumption, substance abuse and occupational risks (Loef and Walach 2012; Oksuzyan et al. 2008) . A recent paper addressing the gender gap in life expectancy in Sweden also points to social change as a main driver of the historically observed changes in the gender gap (Hemström 2016) . As for the currently ongoing decrease of the gender gap in life expectancy, there is some evidence suggesting that it could mostly be attributed to changing gender patterns of smoking (Pampel 2002 (Pampel , 2005 ; specifically, an increase in smoking among women and subsequent delayed health consequences (Lopez et al. 1994; Pampel 2006) . The gender gap in Sweden is one of Europe's lowest (Van Oyen et al. 2013) . One way to enhance our understanding of the recent decrease in the gender gap in life expectancy is to decompose life expectancy by age-and cause-specific mortality. While previous studies have addressed gender-specific life expectancies in Sweden (Hemström 2016; Thorslund et al. 2013) , they have not addressed the role of age-and causespecific mortality. In this study, we analyze recent changes in life expectancy in Sweden by assessing a more comprehensive list of age-and cause-specific mortality in 1997 and 2014. We do this by analyzing the impact of (1) changes in age-and cause-specific mortality on the increase in life expectancy in men, (2) changes in age-and cause-specific mortality on the increase of life expectancy in women, and (3) changes in age-and cause-specific mortality on the gender gap in life expectancy.
Methods
Information on underlying causes of death was collected from the Swedish National Cause of Death Register for 1997 and 2014 (National Board of Health and Welfare 2016). In this register, underlying cause of death is defined as ''(a) the disease or injury which initiated the train of morbid events leading directly to death, or (b) the circumstances of the accident or violence which produced the fatal injury '' (WHO 2004) . All deaths are coded in accordance with the International Classification of Disease 10th version (ICD-10). The Swedish National Cause of Death Register covers the deaths of all people registered as living in Sweden, including deaths that occurred outside Sweden. It does not cover stillborn infants, people applying for asylum, people temporarily residing in Sweden, or emigrants who are no longer registered as living in Sweden (Statistic Sweden 2010). The amount of data not reported to the National Board of Health and Welfare and therefore missing from death certificates has increased over time, from 0.4% in 1997 to 1.0% in 2014 (National Board of Health and Welfare 2000, 2015) . Similarly, the percentage of death certificates that lack a sufficiently specific cause of death has increased, from 1.8% in 1997 to 2.6% in 2014 (National Board of Health and Welfare 2015; Statistic Sweden 2010).
We restricted our analysis of underlying cause of death to eight main chapters and 15 sub-chapters of the ICD-10 (Table 1) , which cover 91-92% of all deaths. These causes of death were chosen because of their impact on overall mortality and/or change in life expectancy. All other causes of death, 8-9%, were collapsed into one single group (''other''). We used 5-year age groups (e.g., 0-4, 5-9 years) with the exception of the oldest age group, which was ''85 years or older''. We used these age groups because they are the groups for which official statistics are available.
Analysis
Age-standardized mortality rates were obtained from the National Cause of Death Register. Confidence intervals were calculated with the method used by Chiang (1961) . Number of deaths was obtained for both genders (male and female), both years (1997 and 2014) and for each age group (0-4, 5-9… 85 years or older). We used Arriaga's method to decompose life expectancy by age and cause of death. In a first step, the difference in life expectancy was decomposed by the contribution from each age group. This was based on a direct, indirect and interaction effect. In a second step, the contributions from each separate age group were parted into the contributions from each specific cause of death. By summing the contributions from each cause of death across all age groups, the total contributions from any given cause were obtained (Arriaga 1984; Auger et al. 2014; Preston et al. 2001) . We decomposed the difference in life expectancy between (1) men in 1997 and 2014, (2) women in 1997 and 2014, (3) men and women in 1997, and (4) men and women in 2014. This way, we estimated the impact of age-and cause-specific mortality on the (1) increase in male life expectancy; (2) increase in female life expectancy; (3) gender gap in life expectancy in 1997, and (4) gender gap in life expectancy in 2014. We based all life expectancy estimates on the remaining life expectancy for the 0-4 year age group.
Results
Between 1997 and 2014, age-standardized all-cause mortality decreased by 26% in men and 16% in women (Table 1) , and life expectancy increased from 73.1 years to 76.1 years in men (3.6 years) and 78.3-80.3 years in women (2 years). Hence, the gender gap in life expectancy decreased from 5.2 years in 1997 to 3.6 years in 2014. Mortality decline was found across all age groups (with some exceptions as a result of very low mortality rates with large fluctuations), but especially profound in those 60 years or older. Across all age groups, mortality declined more in men than in women, especially in those 60 years or older. Table 2 , column 1, shows the contribution of agespecific mortality to the change in male life expectancy between 1997 and 2014. Lower mortality in men 65 years or older accounted for 2.3 years of the increase. The results on cause-specific mortality (Table 3) show that reduced mortality from diseases of the circulatory system explained most of the increase in life expectancy and reduced mortality from ischemic heart disease explained the greatest fraction of the increase. Mortality rose from a few causes, which in turn had a negative impact on life expectancy. Table 2 , column 2, shows that reduced mortality in women 65 years or older accounted for 1.37 years of the total increase in female life expectancy. The results on cause-specific mortality (Table 3) show that reduced mortality from diseases of the circulatory system explained most of the increase in life expectancy, and reduced mortality from ischemic heart disease explained the greatest fraction of the increase. The increased mortality from certain causes observed in men was also observed in women. However, women also experienced an increase in smoking-related mortality (malignant neoplasms of respiratory and intrathoracic organs, malignant neoplasm of bronchus and lung, and chronic lower respiratory diseases), mortality from falls, and mortality from mental and behavioral disorders. Smoking-related mortality increased mainly in those 65 years or older; mortality from the other causes increased mainly in those 60 years or older. In total, women 80 years or older accounted for the bulk (82%) of the increased mortality from these causes (results not shown). 
Gender gap in life expectancy
Between 1997 and 2014, the gender gap in life expectancy decreased by 1.55 years. Figure 1 shows the main causes of death that explained most of the gender gap in each year. The decreasing gap resulted from three patterns. First, male mortality decreased at a faster rate than female mortality. Second, male mortality from certain causes of death decreased, whereas female mortality from those causes increased. Third, mortality from a few specific causes increased in both genders, but increased more in women. The first pattern (male mortality decreased at a faster rate than female mortality) was the main driver of the decrease in the gender gap. Essentially all main ICD-10 chapters of underlying cause of death show this trend. As seen in Fig. 1 , reduced mortality from diseases of the circulatory system, especially from ischemic heart disease, had the largest impact on the reduction in the gender gap. However, when we decomposed the result by ICD-10 subchapters, more details emerged. Smoking-related deaths (from lung cancer and chronic lower respiratory disease), deaths from falls, and deaths from mental and behavioral disorders decreased in men but increased in women. Mortality from unspecified dementia and Alzheimer's disease increased in both genders, but had a larger negative impact on female life expectancy than male life expectancy. Analysis of the impact of age-specific mortality on the gender gap in 1997 showed that mortality in people 65 years or older had the greatest impact on the overall gender gap. By 2014, a clear shift had occurred. Mortality in people 85 years or older had the greatest impact on the overall gender gap, although the gender gap also diminished in this age group.
Discussion
In this study, we assessed the impact of age-and causespecific mortality on the increasing life expectancy among men and women, and on the decreasing gender gap in life expectancy, between years 1997 and 2014. We found that lower mortality in men 60-84 years explained most of the increase in men's life expectancy, and that lower mortality in women 70-84 years explained most of the increase in women's life expectancy. The decreasing gender gap was primarily the result of a more rapid mortality decline from The first column shows the increase in male life expectancy; the second, the increase in female life expectancy; the third, the gender gap in life expectancy in 1997; and the fourth, the gender gap in life expectancy in 2014. The negative values in columns three and four indicate male disadvantage. Sweden year 1997 and 2014 The first column shows the increase in male life expectancy; the second, the increase in female life expectancy; the third, the sex gap in life expectancy in 1997; the fourth, the sex gap in life expectancy in 2014; and the fifth, the change in sex gap between 1997 and 2014. circulatory diseases among men than women, especially in those 70-74 years. These results should be viewed in light of a number of limitations. First, everyone 85 years or older were collapsed in a single age group, since the official data used set this boundary for the oldest age group, and a large proportion of all deaths happened in this group. During the study period, the number and proportion of deaths occurring in this age group increased, as did the mean age of death (HMD 2015) . Hence, the description of the mortality pattern among the oldest old is less detailed than the description of the mortality patterns in younger age groups. The second limitation regards the classification of the underlying cause of death. The number of missing death certificates and the number of death certificates with insufficient information have increased over time. However, missing data are still rare (0.4-2.6%). Third, previous studies have found major coding errors in the main ICD chapters of death certificates (Alfsen and Maehlen 2012; Mieno et al. 2016) . Such coding errors are especially relevant in studies of older people, because multimorbidity, which is common in the older population, increases the uncertainty of death certificates (Lahti and Penttilä 2003; Mieno et al. 2016) . Although misclassification of the underlying cause of death is a substantial problem at the individual level, such misclassification is less of a problem at the aggregated level, because the errors tend to balance each other (Statistic Sweden 2010). Sweden's decreased autopsy rate could also negatively impact the accuracy of the diagnoses of underlying causes of death (Alfsen and Maehlen 2012; Lindström et al. 1997) . The autopsy rate declined during the study period and is generally lower in the older population (National Board of Health and Welfare 2000, 2015) . However, declining autopsy rates do not necessarily imply increasing errors, as diagnostics and health records have improved in parallel (Statistic Sweden 2010).
We chose the study period specifically to facilitate comparisons of the causes of death. Sweden shifted from the ICD-9 to the ICD-10 in 1997, so by selecting 1997 as the initial study year, we minimized potential classification errors that could have arisen from a shift in coding the underlying cause of death. Another strength of the study is that we focused on main chapters from the ICD-10 and included a limited number of sub-chapters. Because coding errors increase with increasing level of diagnostic detail (Lahti and Penttilä 2001; Statistic Sweden 2010) , this choice reduced the risk for such errors. However, we still assessed a more comprehensive list of causes of death than previous studies, which have either focused on a specific age range (Glei and Horiuchi 2007; Vollset 2013) , fewer causes of death (Klenk et al. 2016; Trovato and Lalu 1998) , or avoidable mortality (Westerling 1992 (Westerling , 2003 Westerling et al. 1996) .
With regard to age-specific mortality, a previous study that addressed cohort differences in mortality found that in cohorts born in and after 1880, the gender gap in life expectancy was mainly the result of higher mortality among men aged 50-70 years (Beltrán-Sánchez et al. 2015) , and other period-specific studies have found the same (Glei and Horiuchi 2007; Klenk et al. 2016; Trovato and Lalu 1998) . In this study, we found a somewhat different pattern. In 1997, the main explanation for the gender gap in mortality was the higher mortality rate in men 65 years or older. In 2014, mortality in the age groups 65 and above was still important, but the main contribution came from those 85 years or older. Given the ongoing increase in life expectancy in old age, the growing impact of mortality at older ages on the gender gap is not surprising.
Our results on cause-specific mortality are in line with what others have found; namely, that most of the increased life expectancy and most of the decreased gender gap in life expectancy is the result of reduced mortality from circulatory diseases. Our results show that decreased mortality from circulatory diseases accounted for 70% of the reduced gender gap, and that ischemic heart disease explained the vast majority of this decrease. We know that lifestyle has a profound impact on the occurrence of circulatory disease and of cardiovascular disease (Kones and Rumana 2014) , and that smoking is a major contributor (Lim et al. 2012) . Given that there is a gender difference in lifestyle behaviors, especially in smoking (Peters et al. 2014) , but also in diet, overweight and obesity (Institute for Health Metrics and Evaluation (IHME) 2016), the reduced gender gap in life expectancy could be a reflection of diminishing gender differences in lifestyles. However, while decreased smoking has had a positive impact on life expectancy through the reduction of diseases in the circulatory system, the increasing prevalence of obesity could have a counteracting effect. Obesity has increased in both men and women in Sweden (Juul and Hemmingsson 2010) , and it is a contributing factor to many causes of death (Barbieri et al. 2017) . Hence, although not stated as the underlying cause of death, the increasing prevalence of obesity has probably had a negative impact on life expectancy development among both men and women. To what degree it has had an impact on the gender gap, and in what direction, we do not know as of yet, but the prevalence of obesity has been found to be similar across the genders (Juul and Hemmingsson 2010) . Although smoking was initially much more prevalent among men, the prevalence of smoking has become higher among women than men since the 1990s (Midlöv et al. 2014; Patja et al. 2009 ). Our results show that mortality from lung cancer and lower respiratory disease decreased in men but increased in women [about 90% of all deaths from chronic lower respiratory disease in Sweden in 2014 were due to chronic obstructive pulmonary disease (National Board of Health and Welfare 2016)]. Thus, the impact of lung cancer and of chronic lower respiratory disease on the gender gap in life expectancy decreased overall, and was attributable to both decreased mortality in men and increased mortality in women.
The results also showed a rise in mortality from certain causes of death, which diminished the increases in life expectancy by a total of -0.3 years in men and -0.8 years in women. This was especially evident for unspecified dementia, Alzheimer's disease and mortality from falls. Yet, some of the observed increases in causespecific mortality should be interpreted with caution. Most of the observed mortality increases from these causes of death occurred in the oldest age groups. On the one hand, there are more inaccuracies on the death certificates of the oldest age groups (Lahti and Penttilä 2003) , and one known problem is an underreporting of Alzheimer's disease as the cause of death (Ganguli and Rodriguez 1999; Garcia-Ptacek et al. 2016 ). This could mean that the current analyses underestimated the increase in Alzheimer's disease as a cause of death among the oldest old, both in 1997 and in 2014. On the other hand, improved diagnostic tools and increased awareness might have reduced the problem of underreporting of certain diseases, as has happened with falls (Kharrazi et al. 2015) . Thus, at least part of the increase in falls and in Alzheimer's disease as causes of death might be due to more accurate reporting in 2014 than 1997. We have no reason to suspect that the reporting procedure would affect men and women differently, and therefore we do not believe that this has had a substantial impact on the gender gap. Moreover, the increase of deaths from certain causes is likely to reflect a real change, rather than just changes in the coding procedure. When some causes of death decrease, others tend to increase, as competing risks. Increased survival, especially from diseases of the circulatory system, has allowed an increasing proportion of the population to reach very old age, and thereby to be at risk for Alzheimer's disease and other age-related diseases. Similarly, cancer mortality has decreased the last decades, and it also declines in very old age (Liu and Liu 2016) , thus opening up for the increase of other causes of death.
Researchers have consistently pointed towards the different evolution of smoking behavior among men and women as an important explanation for the decreasing gender gap in life expectancy (Hemström 2016; Luy and Wegner-Siegmundt 2015; Pampel 2002 Pampel , 2005 . However, it seems like the impact of smoking only plays a minor role for the current gender gap. Whereas it accounted for about 20% of the gap from the 1950s through the 1980s, it only accounted for about 5% of the gap in 2013 (Luy and Wegner-Siegmundt 2015; Valkonen and Van Poppel 1997) . Our study did not specifically address smoking-related mortality, but its diminishing impact on the remaining gender gap is evident in the finding that mortality from chronic lower respiratory disease and lung cancer decreased in men but increased in women. Although mortality from smoking contributes to reducing the gender gap, smoking still remains an important public health target since it has a strong negative impact on health and mortality, and especially since mortality from smoking has increased among women. Yet, our results put forward the importance of both biological factors and lifestyle factors other than smoking for the explanations of the gender gap in life expectancy. Previous studies of the gender gap in life expectancy in Sweden have emphasized the importance of social conditions and social change (Hemström 2016; Thorslund et al. 2013) . Our findings underscore this emphasis. Thus we would like to highlight the fact that other lifestyle factors besides smoking may need to be targeted in order to maintain a positive development of life expectancy for both genders, and a continuously decreasing gender gap. Hence, future studies should put emphasis on the impact of a broader range of modifiable life style factors and avoidable mortality in order to understand the ongoing trend in increasing life expectancy, the decreasing gender gap in life expectancy, as well as the scope for future improvements.
